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Non-technical summary
The literature on knowledge spillovers has shown that the need for external knowledge has increased in recent years because technologies and markets are become more and more complex. As firms' innovation activities become more and more dependent on external knowledge, the amount of knowledge available to them becomes a critical factor for innovation and growth.
The amount of freely available knowledge depends on the amount of knowledge generated and the amount of knowledge appropriated by the producers of new knowledge. In this study we will focus on the latter aspect and empirically investigate the impact of the importance of two different methods of knowledge appropriation on the innovation activities of firms. To be more precise, we will analyse the effect of the usage of patent protection and secrecy on knowledge spillovers. Since spillover effects cannot be observed directly, we will look at the results of knowledge spillovers. These results can partially be observed by looking at the innovation activities of firms that (potentially) use external knowledge. We argue that the usage of patents and secrecy should affect the level of spillovers and thus decrease or increase (depending on the method used) the importance of a lack of technological information as a hampering factor for firms' technological innovation processes.
The effect of patents and secrecy on knowledge spillovers is not clear per se. Theoretical considerations suggest that secrecy reduces spillovers almost completely through non-disclosure, while the disclosure requirement of patents generates some knowledge spillovers and at the same time allows firms to appropriate knowledge through legal rights. Empirical research has shown, however, that secrecy is not perfect and some spillovers occur even when firms use secrecy. What is more, some knowledge, such as that embodied in products, cannot be protected by secrecy. It has been argued that firms are no longer using patents to protect knowledge but rather to be able to broker and share knowledge ("Open Innovation approach" Chesbrough, 2003b) .
Using firm level data on 3,400 firms from the 4 th Community Innovation Survey for Germany we find that both the usage of patents and secrecy decrease knowledge spillovers to other firms in an industry and consequently pose obstacles to their innovation activities. As a result we can conclude that the appropriability effect outweighs the disclosure effect of patents within an industry. We do not find a significant effect of protection methods used in other industries on the lack of information on technologies a firm is faced with. A third result is that the open innovation business model has not been implemented widely.
Introduction
"Open Innovation" is a new way of thinking about the innovation process of firms (Chesbrough, 2003b) . Due to significant changes in the competitive and economic environment of firms, closed innovation, i.e. one firm does everything from R&D to marketing and financing of innovations on its own, are no longer seen as profitable strategies for innovative enterprises. Thus, Chesbrough (2003b) argues that firms have to become more open and reach out to actors beyond their own boundaries to make the most of their inventions and ideas. This includes "knowledge brokering" (Chesbrough, 2003b: 52) and using intellectual property and other appropriability mechanisms to profit from other firms' use of the firm's own knowledge.
The need for external knowledge and other external inputs in the innovation process has also been noted by other authors, like Monjon and Waelbroeck (2003) , Peters (2003) or Fagerberg (2005) . Fagerberg's (2005) literature review shows that firms' innovation activities rely extensively on external resources. Nooteboom (1999) argues that the need for external knowledge increased because technologies and markets become more and more complex. The need for external knowledge is increasing and more firms are likely to move to an open innovation approach. 1 The amount of knowledge available in an economy is becoming an important factor for innovation and growth. The amount of freely available knowledge depends on the amount of knowledge generated and the amount of knowledge appropriated by the producers of new knowledge. In this study we will focus on the latter aspect and investigate the impact of the importance of two different appropriability methods on the innovation activities of firms. To be more precise, we will analyse the effect of the usage of patent protection and secrecy in an industry, on knowledge spillovers. Since spillover effects cannot be directly observed, we will lock at the results of these spillovers which can partially be observed, by analysing the innovation activities of firms (potentially) using external knowledge. We argue that the usage of patents and secrecy should affect the level of spillovers and thus decrease or increase (depending on the method used) the importance of a lack of technological information as a hampering factor for firms' technological innovation processes.
The difference between secrecy and patents has been analysed to a great extend in previous studies (see next section). However, few attempts have been made to empirically assess their effect on knowledge spillovers. While secrecy, as the word implies, reduces spillovers through non-disclosure, the effects of patents is less clear. Patents can generate knowledge spillovers through the disclosure requirements laid down in patent laws, but at the same time limit knowledge spillovers by allowing firms developing new knowledge to use it exclusively for a given period of time.
The difference between formal and strategic protection methods with respect to knowledge spillovers is interesting from a policy point of view. If both groups of protection methods influence the importance of the lack of technological information as an obstacle to innovation with the same order of magnitude and direction, this would be an indication that the patent system doesn't have the desired effect of disclosing valuable and usable knowledge or at least that the firms requiring external knowledge for their innovation activities, can't get access to the relevant knowledge flows. 2 This dual effect of patents on knowledge spillovers brings us back to the open innovation paradigm:
If open innovation were the business model of an industry and firms would use IP rights to increase the usage of their own knowledge by others, the use of patent protection should not reduce knowledge spillovers and the ability of other firms to get access to the knowledge needed for their innovation activities. Under such a regieme firms would patent their inventions in order to be able to make it available to firms in need of external knowledge, i.e. license it or even give away patented knowledge for free (Chesbrough, 2003b) . Because of that, the disclosure and licensing effect of patents should outweigh its appropriability effect and knowledge spillovers should at least not decrease. If patents still lead to a decrease of knowledge spillovers, this may be some indication that the term "open innovation" is rather as an advertising stunt. Firms give the impression that they give away valuable knowledge, but still use it to secure valuable knowledge instead of making it available to others.
An extreme case of open innovation would be "open source". Some times the impression is given by people talking about open innovation, that open innovation is equal to open source, i.e. that all knowledge is readily available to everyone and patent protection is just needed to be able to license new technologies to others and not to inhibit the use of knowledge. We think, however, and will test the assumption, that patents are still used by firms to limit the flow of useful and usable knowledge to external agents. In that sense, our analysis can be seen as an attempt to test one key aspect of the open innovation paradigm, namely the notion that firms use patents not to limit knowledge flows but to increase them.
In the next section we will review the relevant literature on the effect of different legal and strategic protection methods on knowledge flows. Particular attention is given to mechanisms that might explain the gap between the desired effect of protection and the actual effect of protection. To be more precise, we will shed some light on the question why patent protection methods may fail in disclosing useful knowledge and why strategic protection methods like secrecy will not be perfectly efficient in reducing the outflow of knowledge. In section 3 our hypothesis and analytical framework will be described, followed by a section on the data and estimation strategy used. Results will be presented and discussed in section 5, before we conclude.
Related Literature
In this section we will start with a review of the literature relevant for our analysis of the relationship between different protection methods for innovations, inventions, new knowledge, and knowledge spillovers. Afterwards, a short review of the main features of the "open innovation" paradigm will be provided to enrich our discussion of the topic from the introduction.
Legal Protection vs. Strategic Protection
Because "rents derive from idiosyncratic knowledge" (Liebeskind, 1997: 623) , securing the returns and rents from innovation activities is one of the main concerns of firms developing new products and processes. Moreover, it is in the public interest to make sure that at least some part of the rents can be appropriated by the firm that developed an invention or innovation, in order to set incentives for private R&D and innovation activities. Put differently, firms wouldn't have an incentive to invest in the development of new knowledge if all the benefits would spill over to their competitors. The well known free rider problem arises because "[…] knowledge is inherently a public good" (Jaffe, 1986: 984; Liebeskind, 1997: 624; Peters, 2003) , i.e. it is non-rival in consumption and (partially) non-excludable 3 (Hanusch and Cantner, 1993; Stiglitz, 1999) . Because of the latter feature of knowledge, firms can profit from the inventions of others, either in the form of rent spillovers or knowledge spillovers (Griliches, 1979) . However, not all knowledge is available to everyone in an economy for free. There are some factors that hinder the flow of knowledge, e.g. firms might have to invest in R&D in order to develop the capacity to understand and be able to utilize the knowledge generated by others ("absorptive capacity"), as shown by Cohen and Levinthal (1989; 1990) . Another factor is the technological and geographical distance between the firm that produces the knowledge and the firm that wants to use it. 4 While the absorptive capacity and the distance between two firms reduces the amount of knowledge spilling over because of the set-up of the receiving firm, the firm generating the knowledge can also reduce the flow of knowledge by employing certain protection methods. These protection methods for new knowledge can be placed into two large groups: legal protection methods (such as patents, copyrights and trademarks) and methods that rely on secrecy, complexity of design and fast-or first-mover advantages (hence forth called "strategic protection methods"). 5 The two famous reports on the Yale survey (Levin et al., 1987) and Carnegie Mellon survey have shown that firms use both methods to protect their intellectual property and their knowledge. These and other studies (e.g. Arundel and Kabla, 1998; Harabi, 1995) also revealed that the importance firms give to legal and strategic mechanisms varies by industry and the type of innovation to be protected. Sometimes an invention is even protected by more than one type of appropriability measure (e.g. Walsh, 2000 or Arora, 1997 for an example from the chemical industry). Other factors that influence the choice of the appropriability mechanism and the importance assigned to one or the other mechanism have been put forward: Anton and Yao's (2004) theoretical model shows that the "size" of innovations in terms of cost differentials and pre-and post-innovation market shares plays a role for the choice of appropriability strategy. Arundel's (2001) analysis of data from the Community Innovation Survey (CIS I) reveals that firm size reduces the relative importance of secrecy compared to patents while cooperation in R&D increases the importance of patents relative to secrecy. König and Licht (1995) find that the amount spent on R&D and the size of a firm positively influence the number of patent applications. Laursen and Salter (2005) and Liebeskind (1997) argue that the type of knowledge influences the choice of protection methods.
Our focus in this paper is, however, not on the mechanisms that lead firms to use one or the other method or to assign different importance to different measures, but on how the use of different protection methods affects knowledge spillovers. While knowledge disclosure and dissemination is at the core of the legal protection system, strategic protection methods are mostly targeted at preventing knowledge spillovers.
The rationale behind setting up a legal protection system is to grant an inventing firm the right to use their new knowledge exclusively for a given time (Levin et al., 1987) and thus setting incentives for private investment in innovation activities 6 , while at the same time making the new knowledge available to outsiders by requirements to disclose knowledge (see e.g. Gallini, 2002; Markiewicz, 2003) . In principle, the patent system is designed to exclude others from using the new invention and particularly the knowledge associated with it, while allowing them to access the new knowledge and learn from it. Legal protection methods provide protection for knowledge that is enforceable in court, but knowledge physically spills over through the text of the patent. As a result firms might see the knowledge published in the patent application as protected ("useless") knowledge rather than a knowledge spillover. 7 However, the disclosure of (protected) knowledge can also be a source for new ideas for new products or processes and provide information about 5 See e.g. Harabi (1995) , , Laursen and Salter (2005) 6 Arrow, 1962 already noted that the appropriability conditions play an important role for the innovation activities of firms. 7 As Arrow (1962) noted some (involuntary) spillovers will always occure, because there is no perfect appropriation mechanism for "something so intangible as knowledge" (Arrow, 1962: 615) .
the developments of competitors and consequently knowledge spillovers beyond those protected by law. If the protection effect outweighs the disclosure effect, legal protection actually reduces knowledge spillovers rather than fostering them. 8 This has been argued to be the case by several empirical studies using the importance of legal protection measures as an inverse measure of outgoing spillovers, thus implying that legal protection methods limit outgoing spillovers rather than inducing them (see Bönte and Keilbach, 2005; Cassiman and Veugelers, 2002; Belderbos et al., 2004) . The requirements to disclose (novel) knowledge when using legal protection methods is usually seen as a disincentive for adopting a strategy that is based on legal protection (Laursen and Salter, 2005; Levin et al., 1987; Arora et al., 2005; Arundel and Kabla, 1998; Hussinger, 2004) . The reason for this may be that the patent system fails to exclude others from using the disclosed knowledge. The famous Mansfield et al.'s (1981) study shows that 60% of all patented innovations in their sample were imitated within 4 years.
Then again, Bessen (2005) cites some studies that shows that firms do not assign much value to the information disclosed in patents, raising doubts that significant knowledge spillovers arise from patents. In an early work on the topic Malchup and Penrose (1950) write that "only unconcealable inventions are patented" (Malchup and Penrose, 1950: 27) , indirectly saying that the knowledge disclosed in patent applications would also have spilled out through different channels. Cohen et al. (2002) stress that the information disclosed in patents is not very valuable because of the lag between publication of the patent and application for the patent. By the time the patent is published the disclosed knowledge has usually become outdated. Before the patent is in force, the knowledge is rather secret. 9 Strategic protection methods are used by firms without any legal basis and consequently without any requirements to disclose knowledge. Because of that, "firms that do not wish to disclose information can forgo patenting and use secrecy to protect their investment in innovation" (Arundel, 2001: 612) . The effect of strategic protection methods on knowledge flows has been mostly analysed with respect to secrecy. Secrecy is -as the word already implies -the non-disclosure of knowledge. Atallah's (2004) theoretical model is an example that uses this feature of secrecy. In his model the use of secrecy increases the cost of rivals by limiting knowledge spillovers. Empirical models analysing the co-operation decision of firms also assume that strategic protection methods limit outgoing knowledge spillovers (e.g. Belderbos et al., 2004; Cassiman and Veugelers, 2002; Bönte and Keilbach, 2005; Schmidt, 2005b) . Strategic protection methods other than secrecy, however, do not (exclusively) rely on keeping knowledge secret, but on being first with the introduction of a novel product or process, reaping first mover benefits or by designing an innovation in a complex way that hinders competitors to reengineer them. These help to appropriate the returns of an innovation (Levin et al., 1987) , but discloses knowledge. 10 The view that secrecy decreases knowledge spillovers has been challenged by a number of authors. Liebeskind (1997) shows, that keeping inventions and knowledge secret is very hard and costly. Levin et al. (1987) see a problem for keeping product related knowledge secret, because the product has to be advertised and put into the hands of the customers (and thus potentially also in the hands of their competitors) in order to earn money with it. By putting the product on the market, the knowledge embodied is disclosed and can not be kept secret any longer. 11 Kultti et al. (2002) state that there will always be some spillovers, even if firms try to keep innovations secret. Their view is indirectly supported by studies that assume that methods to protect inventions and to prohibit knowledge flows, are never perfect.
Secrecy might also be an imperfect method to appropriate knowledge if the knowledge itself is of a specific kind. for example argue that more generic knowledge makes secrecy "less effective as an appropriability strategy" (Cohen and Walsh, 2000: 10) .
What is "Open Innovation"? 12 "Open innovation" can be defined as "accessing and exploiting outside knowledge while liberating [a firm's] own internal expertise for others' use." (Chesbrough, 2003a: 12) . According to Chesbrough (2003b) firms have to open up because of changes in their competitive environment, like an increased mobility of skilled labor or shorter shelf lifes (product life circles) of technologies. The basic assumption behind the concept is that firms profit from sharing knowledge and ideas with other firms. The opening up includes "knowledge brokering" (Chesbrough, 2003b: 52) and using intellectual property and other appropriability mechanisms to profit from other firms' use of a firm's own knowledge and make their own knowledge and capabilities known to potential partners 13 . The open innovation concept thus sheds a different light on the disclosure component of patents. While the authors cited above have mostly seen the requirement of patents to disclose knowledge as a disincentive for seeking patent protection, Chesbrough suggests that firms should actively use this feature of the system to profit from their own knowledge. The two approaches also propose a different way of thinking about appropriability mechanisms and knowledge spillovers. While in the open innovation business model patents would be used to increase and manage spillovers to external agents in order to secure profits, the classical view is that appropriability must limit spillovers of useful/important knowledge to competitors to allow firms to reap the benefits of their inventions and innovations.
In contrast to that, the open innovation paradigm, which suggests among other things that firms use the patent system to make their knowledge and capabilities known, can be seen as a strategy where more importance is given to the disclosure effect than the protection effect. Firms may actively use patents as a channel for disseminating knowledge to the outside world and increase the amount of valuable and usable knowledge disclosed through patents.
There is some indication in the literature that open innovation could be simply used as a marketing stunt. As some authors have argued (see above) the knowledge disclosed in the patent applications can be of little value to other firms. Thus a mere increase in patent activities and making patented knowledge available for free by firms advertising themselves as being open, will not necessarily be an indication of a strategy that embraces knowledge sharing more.
Hypotheses
The hypothesis we derive form the review of the literature are the following: H1: Patent protection is used to prevent knowledge spillovers. Thus, an increase in the usage of patent protection methods in an industry does increase the perceived importance of the lack of technological knowledge as a hampering factor for innovation 14 .
H2: Protection by secrecy does moderate knowledge spillovers. Thus, an increase in the usage of secrecy in an industry does increase the perceived importance of the lack of technological knowledge as a hampering factor for innovation.
As far as hypothesis 1 is concerned, it is not unlikely that the protection effect might outweigh the disclosure effect since the firm developing an innovation will usually try to reduce the spillovers to others in order to increase their rent, even if they choose patents instead of strategic protection. Since this argument is contrary to the suggestions of the "open innovation" concept, that patents are used to disclose knowledge, hypothesis 1 can be used to analyse the diffusion of the open innovation strategy.
Analytical Framework
Our focus in this paper is to assess the impact of the usage of different protection methods in a particular industry on the perceived importance of a lack of information on technologies for innovation activities of firms in that industry. Two basic assumptions guide our approach: First, the importance of a lack of technological knowledge is higher (lower) if knowledge spillovers are lower (higher). Second, the level of knowledge spillovers is determined by the protection method used, i.e. patents or secrecy.
The following figure summarizes the empirical model we have in mind. It represents the arguments from the literature that patents and secrecy differ with respect to the disclosure requirements, i.e. that patents have both a disclosure and an appropriability effect while secrecy has only an appropriability effect. We also include the demand for knowledge in the analytical model. It is certainly a factor that influences the importance firms assign to knowledge spillovers. Firms that need a lot of knowledge, because of their size, technology or specific innovation and R&D activities will be more likely to run into problems with acquiring knowledge for their innovation processes 15 .
Figure 1 Expected effects of different types of protection methods
The set-up chosen poses some measurement issues: The first one concerns the measure of knowledge spillovers a firm receives: By looking at obstacles to the innovation activities of firms relying on external knowledge (at the receiving end of the knowledge spillover) we are not able to measure a lack of "actual" spillovers, but rather a lack of "perceived" spillovers. These two types of spillovers are likely to be very different. While the former is a measure of the amount of knowledge in an industry that is not generated or not available, the lack of perceived spillovers, is the amount of knowledge not apprehended (or deemed not accessible) by firms. In our opinion, the lack of perceived spillovers should be higher than the lack of actual spillovers.
New Knowledge
Importance of lack of information on technology as an obstacle to innovation Since the knowledge spillovers we are interested in do not arise within a single firm, but between firms, 16 we will investigate the impact of the usage of protection methods by firms in an industry (excluding the firm in question) on the importance of the lack of technological knowledge as hampering factor at a given firm. This is not without problems, as the importance of this obstacle to innovation activities will not only be influenced by the use of protection methods but also by certain firm characteristics that are related to the demand for knowledge, the ability to generate knowledge in-house and the firms ability to access external knowledge. The latter is usually referred to as "absorptive capacity" (Cohen and Levinthal, 1989; 1990; Daghfous, 2004; Zahra and George, 2000) . We will include variables for these three concepts in our estimation model, but obviously cannot control for these aspects in full. In particular the demand for knowledge is hard to measure and can thus only be approximated. A third issue is that the appropriability and disclosure effect of patents do not coincide in time for a single patent. The appropriability effects sets in when the application is filed ("first to file" rule in European patent law) and the disclosure effect when the application is published (1.5 years after filing). Since we don't analyse single patents but the overall effect of the importance of patents on knowledge spillovers, this problem is mitigates for our study. What is more, we are interested in the overall effect of the usage of patents in an industry during a three year period and not on the effect of a single patent.
Data and Estimation Strategy
For this study we use firm-level data from the fourth Community Innovation Survey (CIS IV), which was carried out in 2005 and examined innovation activities during the period 2002 -2004. In Germany, the CIS IV survey was conducted by the Center for European Economic Research (ZEW) and Frauenhofer Institute for System-und Innovationresearch (Fh-ISI) on behalf of the German Federal Ministry of Education and Research (bmbf). It is part of a larger effort to gather data on the innovation behaviour of German firms in industry and services through annual innovation surveys called the Mannheim Innovation Panel (MIP). 17 Even though the survey is conducted annually in Germany and set-up as a panel, we only analyze cross-sectional data, mainly because the questions needed to construct our variables are not included every year. Most other studies using the innovation survey 18 only use firms with innovation activities. For our study, however, the data needed is available for almost all firms in the sample, i.e. we analyze about 3,900 firms from industry and services with 5 or more employees.
The independent variable is representing the importance of the lack of information on technology as a hampering factor for innovation (hemm_tech_info). It is directly derived from a question on the hampering factors firms experienced in their innovation activities during the period [2002] [2003] [2004] . In this question firms were asked to rate the importance of 14 different hampering factors on a 4 point-likert scale ranging from 0 (not relevant) to 3 (very important). Because of this natural ordering of the responses to this question, we use the ordered probit procedure, which will be described in more detail below, for estimating our empirical model. It is noteworthy, that the question does not ask specifically for a lack of external information on technology. Assuming that firms which lack technological information internally would either invest in overcoming that lack or try to fill the void by looking for information beyond their own boundaries, we argue that the question mainly captures the external lack of information. We also argue that if they can't invest in overcoming the lack of technological knowledge themselves, they would rather see the lack of finance as a hampering factor, which was also listed in that question, than the lack of information.
The four key explanatory variables -representing the importance of patent protection and protection by secrecy in an industry 19 -were constructed using a question on the importance of patents, registration of design patterns, industrial designs, trademarks, copyrights, secrecy, complexity of design, and lead-time advantages on competitors: 20 Patent protection (pat_ind) is represented by the industry (NACE 2) average of the importance of patents for protecting innovations or inventions, rescaled between one (highly important) and zero (not important at all). The same measure is also included at the sector level (manufacturing vs. services) to control for intra-industry spillover effects (pat_sector). 21 Protection by Secrecy (secr_ind) is constructed as the industry (NACE 2) mean of the importance of secrecy for protecting innovations or inventions, rescaled between one (highly important) and zero (not important at all). The same measure is also 19 To reduce a possible endogeneity, we calculated these two measures for each firm separately, i.e. the industry average was calculated without the firm in question. It thus represents the average over all other firms in the industry. 20 The question in the German questionnaire differs from the standard CIS IV question on intellectual property rights by not only asking for the usage of different methods, but for the importance of the measure. The question in the German questionnaire was: "During the period 2002-2004 did your enterprise use any of the following intellectual property protection methods? If so: Please indicate the importance of these methods for protecting innovations and inventions of your enterprise." Each method was rated on a 4 point likert-scale from 0 (not used) to 3 (highly important). 21 The industry average is calculated for each firm individually by subtracting a firms own evaluation of patents or secrecy from the industry total and dividing this sum by the total number of firms in the industry minus one (see also footnote 19). Similarly, the sector average is calculated by subtracting the industry evaluation (without the firm) form the total in the sector and dividing this sum by the number of firms in all industries but the firms.
included at the sector level (manufacturing vs. services) to control for intra-industry spillover effects (secr_sector). 22 As it turns out the industry-level measures of the importance of patent protection and protection by secrecy are highly correlated (Spearman Correlation coefficient: .88), not only at the industry level but also at the level of the individual firm, indicating that firms use both methods together, as already proposed by and Arora (1997) . Because of that, they can not be included in the same regression equation. In order to be able to investigate differences between the effect of patent protection methods and secrecy with respect to knowledge spillovers nonetheless, we calculated the relative importance of patents and secrecy in an industry as the share of enterprises that indicated that secrecy is more important than patents (rel_secr_ind) and the share of enterprises that indicated that patents are more important than secrecy protection (rel_pat_ind) 23 . At the firm level 19% of all enterprises indicated that secrecy is more important than patent protection, 67% assigned equal importance and 14% rated patents as more important.
In addition to these core variables a number of control variables were added at the right hand-side of the model. These variables are meant to control for characteristics and capabilities of a given firm that are assumed to influence its ability to use external sources of knowledge and could thus increase the likelihood that a firm perceives the lack of information on technologies as an obstacle to innovation. To give an example, if a firm has little absorptive capacities, it is usually not able to access and use the knowledge available outside its boundaries, not because knowledge is not there or because it is protected by appropriability mechanisms, but simply because it is unable to understand, assimilate or use it.
Four variables are included to represent the absorptive capacity of a firm (see Daghfous, 2004; Schmidt, 2005a for reviews on the determinants of absorptive capacity). The R&D intensity (R&D_int), calculated as the share of R&D spending of turnover, and the squared R&D intensity to allow for a non-linear effect (R&D_int2), a dummy indicating that the firm undertakes R&D continuously (R&D_con) 24 , and the share of employees with higher education degrees of total employees (grads). The R&D related measures also represent firms' ability to generate knowledge in-house through own R&D and their demand for knowledge, if one assumes that the more R&D a firm does the more knowledge it needs.
The demand for knowledge is also represented by the innovativeness of the firm. In a study on hampering factors for small and medium sized enterprises (SME) Rammer et al. (2005b) report that in 2002 the share of SMEs reporting obstacles to innovation is higher for firms which are more deeply involved in innovation 22 See footnote 21. 23 In order to control for inter-industry effects the equation used to estimate that model also contains a variable for the importance of patent protection AND secrecy in the sector (manufacturing or services) of the firm (prot_sector). 24 The R&D intensity and the variable continuous R&D was constructed using a question that was only asked for firms which did report innovation activtities. For firms without any innovation activities we set them to zero.
activities. The authors argue that intensively innovating firms are more likely to report the existence of obstacles than less innovative firms because their projects are more complex and they undertake more projects at the same time, which can also be interpreted as a higher demand for knowledge. To control for this we include two dummy variables, one indicating whether the firm has introduced a product innovation that was new to its market (mneu) and one indicating whether the firm has introduced a process innovation (pz) between 2002 and 2004.
As an additional control for the effect that some firms might in general have a higher probability to be (subjectively) more hampered by obstacles to their innovation activities than others our models include a dummy variable that takes the value one if the firm indicates that at least one of the 13 other obstacles to innovation was at least of medium importance (bed_hemm).
The analysis of the data from the Mannheim Innovation panel has revealed that East and West German firms still differ considerable with respect to their innovation activities (see e.g. Rammer et al., 2005a; Sofka and Schmidt, 2004) . A dummy variable, which takes the value one if the firm is from the Neue Länder is thus also included in our model (east). In addition to that, two variables for the size of the firm were included, the log of the number of employees (lnempl) and a squared term (lnempl2).
To ensure that the two industry-level variables for the protection methods don't just pick up any industry specific effects, we included three industry group dummies for medium-low-tech manufacturing (NACE 23; (25) (26) (27) (28) 351) high-tech manufacturing (NACE 244, 30, 32, 33, 353) , and high-tech services (NACE 64, 72, 73) , with other manufacturing and services 31, 34, (35) (36) (37) 40+41, 45, (50) (51) (52) 55, (60) (61) (62) (63) (65) (66) (67) 70, 71, 74, 75, 90, 92) being the reference group. 25 The average firm in our sample has about 710 employees. Over 20% of the employees of these firms are highly educated. More than 30% of the firms do R&D continuously and spend on average 3% of their turnover on R&D activities. 24% have introduced product innovations that were new to their market between 2002 and 2004, and 42% introduced process innovations. Almost half of the firms have experienced the lack of technological information as a hampering factor for their innovation activities, 38% said it was only somewhat important, about 10% it was an important hampering factor, and around 1% indicated it was very important. 32% of all our enterprises are from East Germany. The share of high-tech manufacturing firms in the sample is 9% and the share of high-tech services is 7%. 26 Since the responses to our dependent variable are in natural order from 0 to 3, we will use an ordered probit estimation procedure, which outperforms other models (e.g. multinominal probit and simple OLS) in this case (Greene, 2002, Kennedy, 25 The inclusion of more detailed industry dummies would certainly have benefited our analysis. But most other industry dummies we tried were correlated with other right hand side variables we wanted to keep. Most notably was the correlation between the industry dummies and the variable for continuous R&D. 26 A table with additional descriptive statistics can be found in the annex. 1998). The model is similar to the regular binominal model in the sense that the observed variable is assumed to be related to an underlying continuous measure that is unobservable. Because this latent variable can take more than two values (as is the case in the probit model) several parameters or boundary values have to be estimated using a maximum likelihood procedure.
The formal model in our case looks like this:
where y* is the unobserved variable and X is the vector of all the independent variables described above. This formula can then be used to estimate the boundary parameters for a change in the dependent variable hemm_tech_info: 
Results
The results from the ordered probit regressions indicate that both patent protection and protection through secrecy increase the perceived lack of information on technology as a hampering factor for innovation activities significantly. 27 However, only the industry-level variables are significant. This indicates that the use of protection methods by other firms from a firm's own industry hampers its innovation activities more than the use of protection methods by firms in other industries. Consequently, hypothesis 1 and 2 can only be confirmed for the industry-level of protection. Furthermore, the estimations suggest, that the appropriability effect of patents outweighs the disclosure effect in an industry. If this were not the case, the coefficient on patent protection should have been either negative or not significant, as is the case for the importance of patent protection in all industries in a firm's sector beside its own. Since both coefficients for the industry-level measure, that for patent protection and that for secrecy are positive and significant there is evidence that they both reduce knowledge spillovers, i.e. the amount of valuable and usable knowledge available to others in an industry. Both mechanisms can be seen as a way to hinder the innovation activities of competitors and other firms in the same industry and appropriate the returns from inventions and innovations through limiting the availability of useful knowledge outside ones own boundaries. Due to the high correlation between the secrecy and patent variable they can not be included separately in a single equation. In order to test whether the effect of patents is significantly different from secrecy, we estimate the effect of the share of firms in an industry indicating that patents are more important than secrecy and the share of firms indicating the opposite is true on our dependent variable. The results in the last column (3) of Table 1 show that both variables are not significant, providing further evidence that both protection methods influence the innovation activities of firms similarly. 28 The insignificance of the sector-level variables is surprising. One interpretation of this result is that firms' innovation activities rely more on knowledge from a firms own industry and less on knowledge from other industries. Then again, some empirical studies have found intra-industry spillovers of particular relevance for firms' innovation behavior and innovation performance (e.g. Inkmann, 2000; Steurs, 1995) . An alternative explanation is more technical, maybe our measure of protection at the sector level is too broadly defined and should rather than include all industries outside a firms own industry only include industries with which the firm is closely related, e.g. through input-output relations or similar technologies. A third explanation is that firms protect knowledge that is only relevant for the innovation activities of a firm in the same industry, but not for firms in other industries. Our control variables offer some interesting insights as well. Only one of the proxies for absorptive capacity is highly significant and has the expected sign. The more absorptive capacity a firms has in the form of highly educated employees the less likely it is that this firm perceives the lack of information on technologies as an obstacle to innovation, i.e. the more likely it is to receive knowledge spillovers. The negative and slightly significant coefficient of the continuous in-house R&D activities provides further evidence that higher absorptive capacity, increases the ability to access knowledge and thus mitigates the problem of a lack of information on technology.
The lack of significance for the R&D intensity variables can be explained by differing effects of R&D on absorptive capacity and the demand for knowledge. R&D is not only conducted in order to build absorptive capacities, which would decrease the importance of the obstacle, but also to generate innovations. If firms invest heavily in the development of innovations, their knowledge requirements are higher if they invest only a small fraction of their turnover in R&D. At the same time their own research generates ideas and opens their mind to technological opportunities, for which additional knowledge is required. These new projects are likely to be more of an explorative nature, which require more complex and not readily available knowledge than exploitive projects. As a result of the higher knowledge requirements the likelihood that these firms run into the problem of a lack of technological innovation is higher as well. To summarize this point, firms with a larger share of R&D expenditure per turnover, see a whole range of technological opportunities and thus perceive the lack of information to be more relevant than firms which have a low share and as a result a more narrow field of view with respect to technological opportunities. These "perception" effects clearly works in the opposite direction as the effects of absorptive capacity on knowledge spillovers discussed in the previous sections and as our results for R&D activities suggest, cancel each other out (partially). For continuous R&D activities the same arguments can be brought forward. Our estimation results suggest, however, that for continuous R&D activities the effect on absorptive capacity is stronger than the perception effect.
The variable for other obstacles (bed_hemm) is highly significant, indicating that the obstacles to innovation are highly related to each other. We think that the inclusion of this variable controls for this baseline effect.
Process innovators are significantly more hampered in their innovation activities than non-innovators, while innovators with market novelties are not. This is surprising, since usually it is assumed that process innovations are based on internal knowledge and learning by doing while product innovations and in particular market novelties require more external knowledge. Our results suggest the opposite, however
Size matters for the perception of the importance of information on technologies as an obstacle to innovation, as expected. However, the relationship between size and the obstacle is not a linear one, but is inverse U-shaped. The turning point is between firms with 90 and 200 employees. For smaller firms it might be a less important obstacle, because they just follow a small number of (innovation) projects at the same time (Rammer et al., 2005b) or focus on technologies where they have all the knowledge required to bring inventions to markets. They rather lack the marketing knowledge and financial means to introduce innovations. Large firms, on the opposite, have many projects going on at the same time and require lots of knowledge. They nonetheless assign less importance to the lack of information as medium sized firms. A reason for this might be that they have the capability, resources and established channels to gather the external knowledge needed in their innovation processes and are thus not hindered as much in their innovation activities as medium-sized firms.
Finally, East German firms assign a lower importance to the lack of information on technology, than West German firms. The difference is only marginally significant and only in two out of three equations, however. The difference might stem from the fact that East German firms are more likely to adopt a follower strategy in their innovation activities (see Sofka and Schmidt, 2004) . If they rely on a follower strategy the lack of information becomes less of a problem, because all the information required for imitating a new product or process has to be available before it can be imitated. Their strategy is more one of exploiting available knowledge instead of exploring new opportunities. As a result they adopt a more narrow innovation approach and decreases the amount of external knowledge required.
Conclusion
In this paper we study the influence of the usage of patent protection and protection by secrecy in an industry on knowledge spillovers. Since knowledge spillovers can not be measured directly we investigate the effects of protection on the lack of knowledge spillovers, i.e. technological knowledge. We treat the two appropriability mechanisms separately, because their basic set-up is quite different, while patents have a build-in requirement to disclose knowledge and provide a legal basis for the protection of knowledge, secrecy relies on non-disclosure, but is not defendable in court. Our findings indicate that both patents and secrecy decrease knowledge spillovers to other firms in an industry and consequently pose obstacles to their innovation activities. Because of that we can conclude, that the appropriability effect outweighs the disclosure effect of patents within an industry. We do not find a significant effect of protection methods used in other industries on the lack of information on technologies a firm is faced with.
Since the protection or appropriability effect of patents outweighs the disclosure effect within an industry, we can conclude that the open innovation business model has not been implemented in the industries we investigate to an extent that it shows up in our data. The insignificance of the sector-level variables for protection methods supports this hypothesis. The open innovation paradigm suggests that the management of IP rights and the use of patents should increase knowledge flows to external partners rather than hinder them. However, the results obtained from the ordered probit models indicate that the majority of firms didn't use patent protection between 2002 and 2004 to make their knowledge freely available. On the contrary, firms used patents to protect knowledge from usage by other firms in their industry. Then again, maybe firms tried to be more open, but the firms requiring the external knowledge didn't get the impression that they can easily get access to the knowledge on technology made available. Future studies should thus try to consider both sides of the knowledge spillovers in empirical studies on open innovation. What is more, we only analyzed one aspect of the open innovation paradigm. The investigation of the licensing behavior of firms would certainly enrich our understanding of the situation and might lead to a different conclusion. If firms use patents to initially reduce knowledge flows but than license all patents to external partners, this could well be considered open innovation.
The descriptive statistics as well as the regression results provide clear evidence that we are not in a world of "open source innovation", i.e. all new knowledge is made available. Not only are both types of protection methods used to reduce knowledge flows, they are also assigned equal importance by almost all firms. Note, the open innovation paradigm doesn't proposes this extreme form of open innovation.
Some suggestions for future research are the following: The analysis could be enriched by including additional legal or strategic protection methods, like lead-time advantages or copyrights. Their expected effect on spillovers is less clear. Copyrights, for example, provide legal rights to a whole document or product, not necessarily to the knowledge transferred. To give an example from our own profession: You cannot copy a section form a copyrighted article directly, but you can use the main idea of the article as the starting point for your studies.
To our knowledge this study is one of the first to investigate the prevalence of open innovation empirically. The discussion of the open innovation paradigm would certainly profit from further empirical studies on the usage of IP to transfer knowledge and the role of appropriability in the open innovation concept in general. This paper is based on data from the fourth Community Innovation Survey (CIS). Similar surveys were conducted in all member states of the European Union in 2005, using the harmonized Eurostat questionnaire and methodology. It would certainly be of interested to compare our findings with those of other countries, taking into account the differences in the intellectual property systems in the respective country. Questions like those used for the construction of the variables in our study, have also been included in previous CIS surveys, opening up the opportunity to asses developments over time. Type Construction Hemm_tech_info ordered Variable that takes a value between 0 and 1 according to the following scheme: The lack of information on technology as an obstacle to innovation was not relevant (0), of minor importance (1), important (2), or very important (3). Pat_ind Importance of patent protection as a method to protect inventions and innovations, rescaled between 0 (not used) to 1 (highly important). Calculated at the industry level excluding the firm in question. Pat_sector Importance of patent protection as a method to protect inventions and innovations, rescaled between 0 (not used) to 1 (highly important). Calculated at the sector level excluding the industry of the firm in question.
Annex

Secr_ind
Importance of secrecy as a method to protect inventions and innovations, rescaled between 0 (not used) to 1 (highly important). Calculated at the industry level excluding the firm in question. Secr_sector Importance of secrecy as a method to protect inventions and innovations, rescaled between 0 (not used) to 1 (highly important). Calculated at the sector level excluding the industry of the firm in question.
Prot_sector
Importance of secrecy and patents as a method to protect inventions and innovations, rescaled between 0 (not used) to 1 (highly important). Calculated at the sector level excluding the industry of the firm in question.
Rel_secr_ind
Share of firms indicating that secrecy is more important than patents (industry level) Rel_pat_ind
Share of firms indicating that patents are more important than secrecy (industry level) Log Natural logarithm of number of employees in 2004, squared east Dummy One, if a firm is located in Eastern Germany. bres_1
Dummy One, if a firm is from medium-low-tech manufacturing bres_1
Dummy One, if a firm is from high-tech manufacturing. bres_2
Dummy One, if a firm is from high-tech services. 
